Abstract -We propose a new lossless context based method for content progressive coding of limited bits/pixel images, such as maps, company logos, etc., common on the WWW. Progressive encoding is done by separating the image into content layers based on color level or predefined information. By introducing skip-pixel coding the number of pixels encoded in each layer is reduced by using information from already coded layers. This approach is combined with efficient template based context bi-level coding, context collapsing methods for multi-level images and arithmetic coding. With our new method we are thus able t o outperform existing coding schemes and in addition provide progressive coding. Compared t o GIF we are able to reduce the compressed size with a factor of up to 3.
INTRODUCTION
In this paper we introduce a lossless method for progressive or layered coding of images with a few or a limited number of distinct color or grey scale values (levels). Examples of such images are typically seen on web pages on the Internet depicting icons, company logos, maps or palletized images. We have chosen to focus on coding of maps which is an important application area. Maps appear among other places on web pages for the Yellow Pages and tourist bureaus.
Images of this type are often limited to only a few colors, and are usually computer generated and often coded with lossless GIF or lossy JPEG. Since JPEG was developed for natural images and photos, it does not perform well on limited bits/pixel images. For this type of images GIF is often the best choice of the two.
The proposed coding scheme is based on context coding, e.g. [l] . Arithmetic coding is performed for each pixel, zt based on probabilities p(ztlc) conditioned on causal data. The context e is obtained by a mapping of the causal data xt. For natural images prediction and differences is an effective way to reduce the number of contexts [l] , but linear prediction is not suited whether the current pixel is equal to one of the causal 4-neighbors. PWC uses edge maps to reduce contexts. RAPP uses relative patterns within the four neighbors. EIDAC [4] uses a bit-plane representation and selects bits from the current and previous bit-planes.
Images are usually represented as composite images in a single layer of pixels, each represented by a number of bits needed to describe its color or grey tone level. Images such as maps often originate from data which is generated as separate (bi-level) layers such as text, roads, buildings, etc., each of which may overlap others. A layered image consists of a number of layers stacked in a predefined order, such that image data of layers with higher priority visibly hide image data of lower priority layers. A composite image is obtained from a layered image by merging layers from the top layer to the bottom layer into a multi-level image with the same visual appearance.
To achieve content progressive coding of the layered images, we combine template based bi-level coding [5] with collapsing contexts by patterns [3] . The methods are combined in a layered coding possibly making use of the information of higher layers by introducing skip pixels at positions already coded and using pixels of a previous layer for the context.
LAYERED CODING EMPLOYING SKIP PIXELS
A composite image with N distinct color levels may he split into a layered image by separating it into N non overlapping bi-level images each representing a distinct level from the composite image. We introduce a hybrid image representation, which is obtained by separating only no < N bi-level images, together with one or more residual (multi-level) image(s) of the N -no = T remaining levels. Residual layer i codes ni levels so that each level is coded in exactly one coding layer. Therefore, By encoding each of the bi-level and residual images separately one by one (all in the usual raster-scan order), we obtain a layered or progressive compression method. As the layers are associated with specific contents of the image we achieve content progressive coding. When coding the bi-level layers we use either a 16 pixel template as in JBIGP or a template with 9 pixels from the previous bi-level layer and 4 from the current layer. For residual images we have developed a modified version of RAPP [3] context calculation. In both cases we apply our version of binary arithmetic coding to occurrence counts as the entropy coding.
Efficient coding of a layered image is in our scheme achieved by sharing information across the layers in order to determine in which layer a pixel must be coded. Thus, in a particular layer, if a given pixel has already been coded in a higher priority layer it does not need to be coded in the current or any of the lower layers. Such pixels are skipped by the encoder in our hybrid scheme and are thus denoted skip pizels.
For skip pixels the pixel values of all higher layers are collapsed into a single skap value in the current layer. Thus, the context alphabet is one larger than the alphabet being coded. When we introduce skip pixels we make a modification of the RAPP contexts involving skip coding and statistics update such that if a context for a pixel contains skip pixels, the predicted value is not the skip value.
Skip pixel coding also minimizes a problem introduced by the decomposition of a composite image into several layers. If we from a composite image extract a color level, such as text, the residual image(s) will have "holes" where this level was extracted. By introducing skip pixels in these holes the obstacle of coding the contour of the text in several layers is minimized.
Currently we have only implemented skip pixel coding with the modified RAPP algorithm, but fnture work will include implementation of skip pixel coding in the 16 pixel template bi-level scheme, to possibly obtain improved performance in terms of better over-all compression. ni = N .
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The approach presented may readily be generalized. Each level of a given coding layer has a priority and a color assigned. Each coding layer may be coded by itself or using skip pixel residual coding, where the priorities combined with the values of the previously coded image specifies which levels may be skipped at each position. For each pixel of a given coding layer only the values of levels with higher (or possibly the same) priority are considered. Thus a given color may be split into several layers.
While being presented as a multiple pass algorithm it may, with the same final result, be implemented in a one-pass (multiple context) algorithm. For each pixel the layered coding is applied until the pixel value is actually coded. Processing the image in this way results in a non-progressive method.
To sum up, effective context coding requires efficient selection of contexts, i.e. which pixels to use in the context and which contexts to collapse. When using skip pixels in the contexts all pixels of higher layers are collapsed into a foreground value. Likewise all pixels of lower layers are collapsed into a 'to-be-coded' value, when coding a single layer or a subset of the layers. 
RESULTS
Our main interest is efficient coding of street map data, and we have tested our algorithm on maps from Geovision and Tele Danmark, but it was also tested on a number of logos and icon like images. The results presented here concerns the map shown in Fig. 1 , represented both as a layered image with 12 overlapping layers, and as its composite equivalent. In Table 1 we have shown results for algorithms that work on composite images. Table 2 shows results for the image coded as either the original 12 overlapping layers or as 12 non-overlapping layers extracted from the composite equivalent. Table 3 shows the results for our content progressive scheme on hybrid representations of the image.
It is seen that the PWC [2] and RAPP [3] algorithms outperform prior methods on the composite image, and these two algorithms are able to obtain a reduction in compression size of 45.55% compared to the GIF file size. From Table 2 we see that by having access to the original layered bi-level data and code the layers with a template coder a further reduction may be achieved. The best result using two layer templates for some layers is almost 3 times better thanx GIF. It should be noted that we actually have more information in the full layered representation than in the composite representation. To obtain content progressive encoding we must decide which layers of the image to present first to the decoder. On a map, the layers that first enables a client to identify a location is probably the text and the roads. In Fig.  2 we have shown the text layer and either the road contours or the roads (white on top of a "yellow" background). Table 3 shows that our content progressive scheme, using a 16 pixel template coder for bi-level layers and modified RAPP with skip pixels for the residual image, improves the code length of RAPI', while also providing content progressive coding. Compared to GIF we compress up to about 2.5 times better in the examples. Thus, this combination gives an effective selection of contents. Comparing the first and the last column, the cost of coding the hybrid image without knowledge of the original overlapping layers is in this case only 1496 bytes. The complexity of coding only 3 layers (in this case) compared to coding 12 bi-level layers is very low, and this relative advantage of course increases with the number of distinct color levels in the image.
In many cases it may be appropriate to split the text layer into several distinct layers such as street names, road names, names of buildings, etc., in order to obtain a more subtle content progressive coding. This is readily done within our scheme.
CONCLUSION
With the presented content progressive lossless coding scheme we achieve very good overall compression results for limited bits/pixel images such as maps. Compression ratio is improved up to a factor of 3 compared to GIF.
Many images may be split into content layers, such as text, buildings, etc., and we code these layers separately. For efficient coding, information from already coded layers are used to determine pixels in higher layers which may be skipped (skip pixels) in this and all lower layers. The introduced principle of skip pixel coding is then combined with existing efficient template based context bi-level coding 161, context collapsing methods for multi-level images [3] and arithmetic coding. The new scheme may thus be used as a flexible tool for efficient progressive coding.
